Objective: To evaluate simultaneously the functional state of CD4+ and CD8+ T lymphocytes from Venezuelan HIV-1-infected pediatric patients.
Introduction
HIV infection causes high morbidity and mortality in children, accounting for more than 20% of the deaths related to HIV-1 infection in the world. 1 A quarter of vertically infected children born in developed countries progress to serious disease or death in the first year of life without effective antiretroviral therapy, a proportion that rises to a half by 5 years of age. 2 A bimodal clinical behavior has been identified in children infected by vertical transmission. Thus, 10 to 30%
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Miguel Antonio Alfonzo, 1 Alexandra Diaz, 2 Luigina Siciliano, 3 Maria Graciela López, 3 Alida Hung, 1 Juan Felix Garcia 3 of patients, which are named rapid progressors (RPs), start presenting AIDS symptoms in the first months of life (within 1 year), whereas a minority group of patients, denominated slow progressors (SPs), remains asymptomatic for several years and can even arrive to the scholar age. [3] [4] [5] Although some immunological and virological factors 6, 7 in Venezuelan children has not been examined precisely.
Trying to explore these mechanisms, we decided to study a cohort of HIV-1-infected Venezuelan children, classified by clinical features into RP and SP groups, to characterize diverse parameters of CD4+ and CD8+ T cellsby ex vivo tests such as expression of CD95/Fas (death receptor) and CD127
(receptor of surviving signals), and frequency of apoptosis.
In addition, we determined, in cultured peripheral blood mononuclear cells (PBMCs) of these patients, HIV-specific proliferation and the production of interleukin-10 (IL-10), tumor necrosis factor alpha (TNF-α) and interferon gamma (IFN-γ), besides measuring intracellular IFN-γ in CD4+ T cells. All these T-cell biological activities were compared against those observed in healthy children from the same hospital. These analyses might yield important information about HIV-1 pathogenesis and the role of protective immunity in HIV-1 infection in infants.
Materials and methods

Patients and study design
We enrolled 15 HIV-1-infected Venezuelan children from the Hospital J.M. de Los Ríos (Caracas, Venezuela), who have been infected in uterus, during labor or by breastfeeding from seropositive mothers. All patients were naive to highly active antiretroviral therapy at the beginning of the study. We used 5 mL of whole blood samples to perform all assays. This pediatric group was divided into six SP children and nine RP children, which were monitored in the health center. The SP group had a median of 25. 
Cell immunophenotyping
Circulating T cells and their subsets were determined 
Measurement of cytokine production
Cytokine production was measured in supernatants 
Statistical analysis
Experimental data are given as mean ± standard deviation. Differences (p values) were evaluated using the two-tailed, nonparametric Mann-Whitney U test and the two-tailed Student's t test for normally distributed data.
Differences were considered significant for p< 0.05.
Results
T cell subsets and viral load in HIV-infected children
T lymphocyte subpopulations and viral loads of the studied groups are summarized in Table 1 group, but there were not statistically significant differences.
Similarly, it was observed that there was not statistically significant difference in the absolute number of CD8+ T lymphocytes between SP and RP patients. In relation to the viral load, there was not significant difference between both groups of HIV patients, although values were higher in RP patients compared with SP patients (Table 1) .
IL-7Rα (CD127) and Fas (CD95) expression in T cell subsets
We studied the ex vivo expression of CD95 in CD4+ and CD8+ T lymphocytes, and results are shown in Table 1 .
HIV-infected patients presented higher values with respect to those of the control group, and differences between RP patients and the control group were statistically significant. 
Spontaneous apoptosis in CD4+ and CD8+ T lymphocytes from HIV-infected and control patients
We measured the frequency of cell death associated with 
Mitogen and viral-specific lymphocyte proliferative responses
Although both groups of patients presented a significant increment in the proliferation of their CD4+ and CD8+ T lymphocytes in the presence of PHA compared to the nonstimulated condition, proliferation responses never reached values of the control group, which were significantly higher ( Figure 2) . Conversely, when PBMCs were cultured in the presence of viral-specific antigens, no relevant increment in the proliferation of neither CD4+ nor CD8+ T lymphocytes was observed in HIV-infected patients, presenting similar proliferation values than controls (Figures 2A and 2B ).
Production of cytokines in PBMCs from HIV patients
PBMCs In the presence of Env peptides, the production of these cytokines in both groups of patients was not modified, and their values were similar to those observed in control group and non-stimulated cells. IFN-γ = interferon gamma; PHA = phytohaemagglutinin; RPs = rapid progressors; SPs = slow progressors.
as described. 17 Interestingly, RP patients displayed a greater proportion of apoptotic CD4+ and CD8+ T cells in comparison to the group of SP patients.
To evaluate T cell biological activities, the expression of Fas/CD95 is a relevant apoptosis parameter. Thus, the ex vivo expression of Fas/CD95 observed in CD4+ and CD8+
T lymphocytes from our RP patients was higher than that from SP patients. Interestingly, the viral load in both groups of HIVpatients was different, being higher in RP compared to SP patients. It is possible that the lower expression of CD95 in both types of T lymphocytes in SP patients was due to their lower viral load, and consequently displays minor frequency of apoptosis in these cells, which has been described in HIV-infected adults. 18 IL-7 is an important cytokine for an efficient development and maintenance of T lymphocyte subpopulations. This cytokine binds to the alpha subunit of its receptor (IL-7Rα), located at the surface of T and B lymphocytes and natural killer cells. 19, 20 We demonstrated that IL-7Rα expression in both CD4+ and CD8+ T lymphocytes is significantly reduced in the RP group, whereas the SP group presented similar values than the control group. This experimental finding may suggest that the T cells from SP patients have a greater probability to survive, and so these patients are able to maintain their cellular immunity more efficiently than RP patients. To support this assumption, higher levels of CD4+ and CD8+ T lymphocytes and lower frequency of apoptosis in these lymphocytes were found in SP patients.
In this sense, our results are consistent with those of previous studies, which show that expression of IL-7Rα is inversely correlated with immune activation and apoptosis, and positively correlated with CD4+ T-cell counts in HIVinfected patients. 21 The loss of IL-7Rα expression induced by immune activation may diminish Bcl-2 and Bcl-xl production, rendering cells more susceptible to apoptosis. 22 Our data support the assumption that a lower expression of IL-7Rα may be related with a higher frequency of apoptosis in these T cells.
Going deeply into more molecular mechanisms, we specific clones during the progression of infection, 24, 25 or by the fact that the viral infection affected T cell lines at thymus and destroyed the ability to produce anti-HIV clones as described. [11] [12] [13] This experimental finding requires further investigation to identify the molecular mechanisms responsible for this lack of responses of HIV-infected children to viral antigen (Env).
Classically, it has been established that, during HIV infection, a change in the Th1/Th2 immunological responses occurs. Th1 response (generally an antiviral response) diminishes as the disease progresses, and Th2 response (associated with a smaller antiviral protection) increases, compromising protection in the HIV-infected patients. 26 Thus, the lower production of IL-10, TNF-α and IFN-γ found in our RP patients may significantly compromise their T cell immunity, since it is well known that IL-10 can induce recruitment, cytotoxic activity and proliferation of CD8+ T cells 27 and that TNF-α and IFN-γ are also required to generate and maintain antiviral responses as described for the CD8+ cytotoxic T lymphocytes, which depend on the presence of these cytokines to generate their effector mechanisms. 28 Similar findings associated with this Th1/Th2 imbalance were described in RP pediatric patients, which 
